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The Application of Hybrid Methods to Study Complex, Multi-Domain Pro-
tein - RhoA-SpecificGuanidine Nucleotide Exchange Factor - PDZ-RhoGEF
Jakub A. Bielnicki.
As the focus of structural biology shifts towards studies of increasingly com-
plex, multi-domain proteins and their complexes, the use of hybrid methodol-
ogies is becoming a necessity. Here, we present our findings regarding the
mechanism of regulation of a multi-domain, RhoA-specific guanine nucleotide
exchange factor, PDZ-RhoGEF (PRG). PRG belongs to a small family of RGS
GEFs and is an important component of the ‘RhoA cycle’.
Activity of RhoA is tightly regulated by a sophisticated interplay between three
proteins - guanine nucleotide exchange factor (RhoGEF), GTPase-activating
protein (RhoGAP), and guanine nucleotide dissociation inhibitor (RhoGDI).
GEFs catalyze the exchange of a nucleotide on RhoA, and consequently cause
RhoA activation. Active RhoA transmits signal to its effectors (e.g. Rho-
dependent kinase (ROCK)), and consequently triggers a number of physiolog-
ical responses, including reorganization of actin cytoskeleton, neurite retraction
and neuronal morphogenesis, and Ca2þ - sensitization of smooth muscle.
The classical paradigm for regulation ofmultidomainGEFs states that these pro-
teins are autoinhibited by the supramodular arrangement of their domains,which
may interfere with the binding of upstream and downstream binding partners,
and that a combination of inter-protein interactions initiates a conformational
change, leading to the relief of autoinhibition. Using a broad array of biophysical
and biochemical techniques, including SAXS, EPR, DLS, CD and others, we are
investigating the structure of several multidomain constructs of PRG and we
present current data suggesting a functional role for interdomain linkers.
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The Conformation and Activity of Membane-Bound HIV Nef Studied by
Neutron Reflectivity
Michael S. Kent, Jaclyn K. Murton, Sushil Satija, Bulent Akgun,
Hirsh Nanda, Joseph E. Curtis, Jaroslaw Majewski, John R. Engen,
Christopher R. Morgan.
Nef is one of six HIV-1 accessory proteins and directly contributes to AIDS pro-
gression. Nef has no catalytic activity but instead realizes its functions by inter-
acting with cellular proteins. Nef is myristoylated on the N-terminus, associates
with membranes, and may undergo a transition from a solution conformation to
a membrane-associated conformation. It has been hypothesized that conforma-
tional rearrangement enables membrane-associated Nef to interact with cellular
proteins. Despite its obvious disease importance, there is little or no direct
information about the conformation of membrane-bound Nef. In this work we
used neutron reflection to reveal details of the conformation of membrane-
bound Nef. The conformation of membrane-bound Nef, and its ability to bind
to the SH3 domain of Hck, was found to depend upon the mode of membrane
binding. In solution Nef in known to bind the SH3 domain of Hck with high
affinity (kd = 250 nM). In one mode, Nef was bound through an N-terminal
His tag to Langmuir monolayers of DPPC mixed with a synthetic metal-
chelating lipid (Biophys. J. 99, 1940, 2010). In that case, for a range of pH
and salt concentration the core domain of membrane-bound Nef lies within
a few angstroms of the lipid headgroups and a portion of the protein, presumably
from the N-terminal arm, is inserted. In this conformation, Nef does not bind the
SH3 domain of Hck. However, upon binding to negatively-charged membranes
in absence of an interaction through the N-terminus, the core domain of Nef is
displaced from the membrane, and binding of SH3 occurs. The ramifications of
the these results for the actions of Nef in-vivo will be discussed.
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Double Electron-Electron Resonance and 1H-15N HSQC Spectral Analy-
sis as Means to Understand the Effects of Single and Multiple Site Muta-
tions in the HIV-1 protease
Ian Mitchelle, S. De Vera, Mandy E. Blackburn, Luis Galiano,
Adam N. Smith, Ben M. Dunn, Gail E. Fanucci.
In this study, site-directed spin labeling coupled with electron paramagnetic
resonance (SDSL-EPR) was used to probe changes in the conformational sam-
pling of subtype B human immunodeficiency virus type 1 protease (HIV-1PR)
attributed to the active site mutation D30N and the non-active site mutations
M36I and A71V. Double electron-electron resonance (DEER) was employed
to derive distance distribution profiles for each MTSL-labeled construct. Those
with double mutations (D30N M36I and D30N A71V) exhibited higher per-
centage of the closed conformation while that with triple mutation (D30NM36I A71V) has a higher percentage of wide-open conformation relative to
wild-type. The percentage semi-open conformation markedly decreased in
the former constructs while it is comparable to wild-type for the latter.
Meanwhile, 1H-15N heteronuclear single quantum coherence (HSQC) spectra
were obtained for HIV-1PR constructs with single (M36I), double (D30N
M36I) and triple mutations (D30N M36I A71V), and were compared to that
of the wild-type. HIV-1PR residues that have marked chemical shift perturba-
tions as a result of an active or non-active site mutation were identified. Non-
active site mutations occurring at the flap elbow (M36I) or beta-sheet core
(A71V) of the protease were found to affect chemical shift more than the mu-
tation at the active site pocket (D30N). Information gained from single-point
mutation-induced changes in the conformational sampling and dynamics of
the HIV-1PR may provide key insights on the mechanism of drug resistance.
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Multple Active Forms of UmuD Protein that Regulates Bacterial
Mutagenesis
Penny Beuning, Jaylene N. Ollivierre, Jacquelyn Sikora.
The SOS mutagenesis pathway in Escherichia coli involves the induction of at
least 57 genes in response to DNA damage, including the umuD gene products.
The homodimeric umuD gene products play key roles in regulating the cellular
response to DNA damage. UmuD2 is composed of 139-amino acid subunits and
is upregulated as part of the SOS response. Subsequently, damage-induced
RecA/ssDNA nucleoprotein filaments mediate the slow autocleavage of the
N-terminal 24-amino acid arms of UmuD2 yielding UmuD
0
2. Several models
have been proposed wherein the N-terminal arms of UmuD2 are in the cis or
trans conformations, with elbows up or down. These conformational variants
expose multiple binding surfaces that may interact with other proteins.
UmuD2 and UmuD
0
2 make a number of distinct protein-protein contacts with
DNA polymerases and other proteins that both prevent and facilitate potentially
mutagenic translesion synthesis. Wild-type UmuD2 and UmuD
0
2 form excep-
tionally tight dimers in solution; however, we show that the single amino-
acid change N41D generates stable, active UmuD and UmuD0 monomers that
functionally mimic the dimeric wild-type proteins. The UmuD N41D monomer
is proficient for cleavage and interacts physically with DNA polymerase IV
(DinB). Furthermore, the N41D variants facilitate UV-induced mutagenesis
and promote overall cell viability. Taken together, these observations show
that a monomeric form of UmuD retains substantial function in vivo and in vitro.
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Pathway for Transmembrane Signaling in the Bacterial Ferric Citrate
Transporter FecA
Audrey Mokdad, Ali K. Khan, David S. Cafiso.
FecA is an outer-membrane TonB-dependent transporter, which binds and
transports ferric citrate into the periplasm. FecA is also one of a number of
TonB-dependent transporters which regulate its own transcription. FecA con-
tains a Ton box, which interacts with the inner membrane protein TonB, as
well as an N-terminal signaling motif, which interacts with the inner membrane
protein FecR and up-regulates FecA expression. Site-directed spin labeling has
been used to study the signal-transduction pathway through FecA. We have
shown that mutants that interfere with transcriptional signaling also interfere
with a substrate-induced unfolding of the Ton box, indicating that the two pro-
cesses share a common pathway. We have also used double electron-electron
resonance (DEER) to measure distances and determine the position of the
N-terminal signaling motif of FecA in the periplasmic space using simulated
annealing. The position of this motif has been determined in the presence
and absence of substrate, and provides an indication of the molecular mecha-
nisms that may underlie transcriptional signaling.
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P53-Response Element Complex Organization is Dominated by Lys120
Interactions with Variant Nucleotides
Yongping Pan, ruth Nussinov.
p53 and its response element system can serve as a paradigm in studies of how
allosteric perturbations in transcription factors (TFs) triggered by small
changes in DNA response element (RE) sequences, can spell selectivity in
co-factor recruitment. p53-REs are 20-base pair (bp) DNA segments specifying
diverse functions. The number of p53-REs is estimated to be in the thousands,
many of them sharing a common motif. A key question is then how does the p53
protein recognize a particular p53-RE sequence among all the similar ones?
Here, representative p53-REs regulating diverse functions including cell cycle
arrest, DNA repair, and apoptosis together with artificial REs in complex with
p53 monomer, dimer and tetramer, were simulated in explicit solvent. Among
the major interactions between p53 and its REs involving Lys120, Arg280 and
Arg248, the bps interacting with Lys120 vary, while the interacting partners of
other residues are less so. We observe that each p53-RE quarter site sequence
